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0HDVXULQJSUREHVDUH PDMRUFRPSRQHQWV RIFRRUGLQDWHPHDVXULQJPDFKLQHV 7KH\FRQWULEXWH WRODUJHH[WHQGWRPHDVXUHPHQW
XQFHUWDLQW\RIWKH&00,QWKLVSDSHU DQXPEHURIGHVLJQV SUHVHQWHGDQG WKHLUVWDWLFDQGG\QDPLFEHKDYLRXUV DUHGLVFXVVHG
7KH WKHRUHWLFDO UHVXOWVDUHH[SHULPHQWDOO\YHULILHG ,Q WKHFRUUHVSRQGLQJ OLWHUDWXUH OLWWOHLQIRUPDWLRQFDQEHIRXQGDERXWWKH'
FDOLEUDWLRQRIWKHVHSUREHV
7KH SDSHU DOVR RXWOLQHV WKH FRQVWUXFWLRQ RI D ' FDOLEUDWLRQ V\VWHP GLVFXVVHV LW¶V HUURU VRXUFHV WKHLU FRQWULEXWLRQ WR WKH
PHDVXULQJ XQFHUWDLQW\ 7KLV IDFLOLW\ KDV EHHQ GHYHORSHG WR FDOLEUDWH PHDVXULQJ SUREHV WR DQ DFFXUDF\ RI  ȝP $ KLJK
SUHFLVLRQ WKUHHD[LV WUDQVODWLRQ VWDJH PRYHV WKH SUREH VW\OXV DQG WKH SRVLWLRQ RI WKH VWDJH LV GHWHUPLQHG E\ WKUHH PXWXDOO\




  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV PHDVXULQJSUREHVXEPLFURQUHVROXWLRQ RSWLFDOGLVSODFHPHQWVHQVLQJ PHDVXULQJ XQFHUWDLQW\FDOLEUDWLRQ
 ,QWURGXFWLRQ
$V WHFKQRORJ\ DGYDQFHV WKH UHTXLUHPHQW IRU SDUW DQG SURGXFW TXDOLW\ EHFRPHV PRUH DQG PRUH VWULQJHQW
0HDVXUHPHQW XQFHUWDLQW\ LQ WKH QDQRPHWHU UDQJH ZDV ILUVW LQWURGXFHG LQ ' FRRUGLQDWH PHDVXUHPHQW RI
PLFURPHFKDQLFDO HOHPHQWV ,W ZDV UHFRJQL]HG WKDW WKH XQFHUWDLQW\ LV PDLQO\ GHWHUPLQHG E\ WKH DFFXUDF\ RI WKH
VHQVLQJ SUREH WKHUPDO GULIW RI WKH SURELQJ SRLQW DQG WKHPHWURORJLFDO IUDPH7KH GHYHORSPHQW RI SUREHVZLWK D
PHDVXULQJXQFHUWDLQW\IDUEHORZȝPZLOOEHDQLPSRUWDQWFRQWULEXWLRQ WRWKHDERYHPHQWLRQHGJRDO
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7KH SUREH SHUIRUPDQFH LV HIIHFWHG E\ D QXPEHU RI IDFWRUVZKLFK KDYH WR EH WDNHQ LQWR DFFRXQW LQ WKH GHVLJQ
SURFHVV *HRPHWULF HUURUV DUH LQKHUHQW WR PDQXIDFWXULQJ DQG DVVHPEO\ 'XH WR WKH OLPLWHG DFFXUDF\ RI WKHVH
SURFHVVHV WKH SUREH FDQ VKRZ LQDFFXUDFLHV $ W\SLFDO H[DPSOH RI WKH OLPLWHG PDQXIDFWXULQJ DFFXUDF\ LV WKH
GHYLDWLRQIURPWKH VSKHULFLW\RIWKHSUREHWLS7\SLFDODVVHPEO\HUURULVWKHPLVDOLJQPHQWRIWKHWUDQVGXFHUV 'XHWR
ILQLWH VWLIIQHVV WKH SURELQJ IRUFH FDXVHV D EHQGLQJ RI WKH VW\OXV >.QJ@>0HOL@ 3URELQJ IRUFH DOVR FDXVHV HODVWLF
GHIRUPDWLRQRIWKHVXUIDFHVHQVHGDQGWKHWLSEDOOGXHWR+HUW]LDQVWUHVV7KHH[WHQWRIWKHGHIRUPDWLRQGHSHQGVRQ
WKHPDWHULDOVPLFUR DQGPDFURJHRPHWULF IRUPVDQG WKH VHQVLQJ IRUFH ,QWHUQDODQGHQYLURQPHQWDO LQIOXHQFHVFDQ
LQWURGXFH WKHUPDOGLVWRUWLRQZKLFK LQ WXUQHIIHFW WKHSUREHDFFXUDF\'ULIW LVD W\SLFDOH[DPSOHRIVXFKDQHUURU
$OVRWKHORFDWLRQRIWKHVW\OXVWLSFDQVHULRXVO\FKDQJHGXHWRWKHUPDOH[SDQVLRQRIWKHVW\OXV'HIOHFWLRQUHVXOWLQJ
IURPWKHUPDOGHVWRUWLRQFDQEHDYRLGHGE\ GHVLJQLQJWKHUPDOO\V\PPHWULF VWUXFWXUHV




WKH VXVSHQVLRQ RI WKH SUREH 3LH]RUHVLVWLYH VWUDLQ JDXJH VKRZ VHQVLWLYLW\ WR WHPSHUDWXUH YDULDWLRQ DQG KDYH
VHOIKHDWLQJ
7KH GLVSODFHPHQW FDQ DOVR EH GHWHUPLQHG E\ FDSDFLWLYH GLVWDQFH VHQVRUV 7KH\ SURYLGH DSSUR[LPDWHO\  QP
UHVROXWLRQ XVXDOO\ RYHU D UDQJH RI IHZ KXQGUHG PLFURPHWHUV %XW WKH VHQVRUV DQG WKH FRQQHFWHG HOHFWURQLFV LV
H[SHQVLYHWKHLUUHVXOWVGHSHQGVRQHQYLURQPHQWDOHIIHFWV
$QRWKHUDOWHUQDWLYHLVWKHDSSOLFDWLRQRIDXWRIRFXVLQJVHQVRUVXVHGLQ&' DQG'9'GULYHV ,QD&''9'RSWLFDO
SLFNXSD ODVHUEHDPHPLWWHGIURPD ODVHUGLRGH LV ILUVWGLIIUDFWHGDQGFROOLPDWHG LQWR WKUHHEHDPVZKLFKDUH WKHQ




IRFXV WKH VSRW RQ WKH TXDGUDWH VHQVRUV DSSHDUVPRUH HORQJDWHG 0HDVXULQJ WKH IRFXV HUURU VLJQDO WKH YRLFH FRLO
PRWRUFDQGULYHWKHREMHFWLYHOHQVLQWR DSRVLWLRQDWZKLFKWKHIRFDOSRLQWUHWXUQHGWRWKHVXUIDFHRIWKHPHDVXUHG
REMHFW,QVXFKDZD\WKHGLVSODFHPHQWRIWKHREMHFWFDQEHPHDVXUHG
+\VWHUHVLV LV D UHVLGXDO HUURU WKDW RFFXU ZKHQ WKH ORDG RQ D ORRS RI VWUXFWXUDO FRPSRQHQWV LV LQFUHDVHG DQG
GHFUHDVHG LQ D F\FOLF ZD\ ,W LV FDXVHG E\ IULFWLRQ EHWZHHQ WKH FRPSRQHQWV DQG E\ LQWHUQDO PDWHULDO SURSHUWLHV
%HFDXVHWKHIRUFHGXHWRPHDVXUHPHQWLVQRWRIF\FOLF QDWXUHK\VWHUHVLVHUURUVFDQ¶WEHSUHGLFWHGVRWKH\VKRXOGEH
DYRLGHG 8VDJHRI IOH[XUHVLVDGYDQWDJHVEHFDXVHWKH\ H[KLELW QHJOLJLEOH K\VWHUHVLV
 2YHUYLHZRIWKHSUREHGHVLJQV
 7ULSRGSUREH




VKRZQ LQ ILJXUH7KLV FRQVWUXFWLRQ LV VWLII DQG OLJKW7KHPRYLQJSDUWZHLJKWV RQO\PJ7KH VXVSHQVLRQ LV
LVRWURSLFDQGLWVVWLIIQHVVLV1P
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)LJXUH 7KHWULSRGSUREH
7KHVXEVHTXHQWUHODWLRQVKLSGHVFULEHVWKHWUDQVODWLRQVPHDVXUHGE\WKHVHQVRUVJDWKHUHGLQDYHFWRU0ZKHQWKH


















































































































































































































































IROGHGEHDPV SURYLGHV ODUJHU UDQJH RIPRWLRQ DORQJ WKH GHJUHHV RI IUHHGRP+RZHYHU WKLV VWUXFWXUH UHGXFHV WKH
URWDWLRQDOVWLIIQHVVDORQJWKH]D[LV
)LJXUH&URVVVHFWLRQRIWKHFLUFXODUIOH[XUHSUREH
7KH HTXDWLRQV GHVFULELQJ WKH IRUFHGLVSODFHPHQW EHKDYLRXU RI D VLPSOH FXUYHGEHDP LV GHVFULEHG DVVXPLQJ
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&RQWUDU\ WR WKH WULSRG SUREH DV D UHVXOW RI WKH V\PPHWULF JHRPHWU\ WKHUH LV QR NLQHPDWLF SDUDVLWLF URWDWLRQ
([WHQGLQJ WKHHTXDWLRQVDERYHIRUGHVFULELQJWKHFRPSOH[VWUXFWXUHFDQQRWEHGHVFULEHGLQFORVHGIRUP7KHUHIRUH





7KHTXDGURSRGVWUXFWXUHZDV ILUVW VXJJHVWHGDQGGLVFXVVHGE\&KX>&KX@ZKR XVHG LWDV WKH VXVSHQVLRQ LQD
WRXFKWULJJHUSUREH7KHVW\OXVLVPRXQWHGLQWKHJHRPHWULFFHQWUHRQVWLIIFURVVIRUPZKLFKLVVXVSHQGHGRQIRXU
EHULOOLXPFRSSHUVOHQGHUURGV7KHVFKHPDWLFGLDJUDPRIWKHVWUXFWXUHLVJLYHQLQ)LJ7KHFRQVWUXFWLRQKDVHTXDO




7KH VOHQGHU URGV FDQ EH FRQVLGHUHG DV EHDPV ZLWK WKHLU WZR HQGV IL[HG 7KHUHIRUH WKH VROXWLRQ RI WKH EHDP
HTXDWLRQIRUWKHURWDWLRQDURXQGWKH\D[LVLVJLYHQE\





































H[SDQVLRQ ,QYDU 7KHUPDO H[SDQVLRQ SUREOHPV DUH IXUWKHU UHGXFHG E\ HQVXULQJ WKDW WKH IDFLOLW\ LV WKHUPDOO\
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7KHSUREHWLSLVPRYHGE\DSUHFLVLRQWKUHHD[LVWUDQVODWLRQVWDJHPRYHVWKHSUREHVW\OXVDQGWKHSRVLWLRQRIWKH
VWDJH LV GHWHUPLQHG E\ WKUHH PXWXDOO\RUWKRJRQDO SODQH PLUURU ODVHU LQWHUIHURPHWHU WUDQVGXFHUV 7R HQVXUH WKH
SHUSHQGLFXODULW\ RI WKH SUREH WR EH FDOLEUDWHG DQG WKH [\ VXUIDFH RI WKH QDQRSRVLWLRQLQJ VWDJH DQ DOLJPHQW
PHFKDQLVPZDVGHYHORSHG ,W FRQVLVWVRID IOH[XUHVWDJHSRZHUHGE\ WZRPDQXDOPLFURPHWHUVDQGRQ WRSRI LWD
WULDQJXODUSODWHZLWKWKUHHSLQHSLWFKVFUHZVIRUDGMXVWPHQW$WKLUGPLFURPHWHULVDYDLODEOHIRUWKHDGMXVWPHQWLQWKH
]GLUHFWLRQ







H[SDQVLRQ ,QYDU 7KHUPDO H[SDQVLRQ SUREOHPV DUH IXUWKHU UHGXFHG E\ HQVXULQJ WKDW WKH IDFLOLW\ LV WKHUPDOO\





x ; UHI< UHI DQG=UHI DUH;<DQG=D[LVRIWKHPHDVXULQJIUDPHFRRUGLQDWHV\VWHPZLWKLWV¶VRULJRDW
WKHPHVKSRLQWRIWKHODVHUEHDPV+HUHE\WKH$EEHHUURULV HOLPLQDWHG
x ;R<R DQG=R DUHWKHFRRUGLQDWHVRIWKHWDEOHFRRUGLQDWHV\VWHP¶VRULJR
x ; RII< RII DQG=RII DUHWKHRIIVHWSRVLWLRQVRIWKHLQWHUIHURPHWHUVDORQJWKHUHVSHFWLYHPHDVXULQJIUDPH
D[LV
x ¨/[ ¨/\ DQG ¨/] DUH WKHPHDVXUHG GLVSODFHPHQWV IURP WKH RULJR DORQJ WKH UHVSHFWLYH D[LV RI WKH
PHDVXULQJIUDPH
x G[G\ DQGG] DUHWKHVHSDUDWLRQVEHWZHHQWKHEHDPVRIWKHUHVSHFWLYHGXDOEHDPLQWHUIHURPHWHUV





















































SURSHU DOLJQPHQW SURFHGXUHV IRU HDFK W\SH RI LQWHUIHURPHWHU FRVLQH HUURU FDQ EH PLQLPL]HG &RVLQH HUURU LV D















(UURUGXHWRILQLWHUHVROXWLRQ 5HFWDQJXODU ¥ QP
:DYHOHQJWKFRPSHQVDWLRQ 5HFWDQJXODU ¥ QP
'HDGSDWKFRUUHFWLRQ 5HFWDQJXODU ¥ QP
&RVLQH HUURU 5HFWDQJXODU ¥ QP
&RPELQHGVWDQGDUGXQFHUWDLQW\ 1RUPDO  QP
 0HDVXULQJUHVXOWV
7KHVHWXSHQDEOHVWKHFDOLEUDWLRQRISUREHVWR QPXQFHUWDLQW\ZLWKQPUHVROXWLRQ,Q )LJWKHFDOLEUDWLRQ
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7KHVH SUREHV FDQ EH PDQXIDFWXUHG E\ FRQYHQWLRQDO WHFKQRORJLHV DGHTXDWH UHVROXWLRQ DQG XQFHUWDLQW\ FDQ EH
UHDFKHGXVLQJVHQVRU\WHFKQRORJ\DSSOLHGLQFRQVXPHUHOHFWURQLFV
$FNQRZOHGJHPHQWV
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